Background: Symptomatic depressed skull fractures over dural venous sinus occasionally lead to stenosis, obstruction, or thrombosis and resulting in intracranial hypertension and significant neurological deficit. Some neurosurgeons are treating these cases conservatively for fear of venous hemorrhage. The surgical elevation of the depressed segment in these cases is a matter of controversy and these patients should be treated carefully.
Introduction
TRAUMA involving areas of the skull related to the venous sinuses is of crucial importance as it does not only lead to hemorrhage at the time of trauma, but also massive hemorrhage can be encountered by the neurosurgeon during surgical repair leading to increased risk of mortality. It was reported in the literature that injury to the dural venous sinuses occupies about 1-4% of all craniocerebral traumatic injuries in civilian life [1, 2] .
Skull fractures have many types; linear, depressed, and comminuted. A depressed fracture is diagnosed when the affected bony fragments are pushed inwards by the traumatic agent and it is one of the most neurosurgical conditions requiring emergency surgical procedure [3] . Open depressed skull fractures which are located closely to a dural venous sinus is considered life threatening because of the risk of hemorrhage it carries at presentation or at the time of intervention as discussed before [4] .
It has been reported that massive blood transfusion during dural sinus surgeries may lead to some sort of bleeding diathesis during or after surgery. Behera and his colleagues published that thrombocytopenia was present in 85%, and defibrination occurred in 69% of cases diagnosed with dural sinus injury and consequently, it is heavily recommended to monitor the coagulation profile of the patient during the surgical procedure, especially if blood transfusion was commenced [5] .
Additionally, Venous Air Embolism (VAE) has been also reported in such operations. In fact, VAE can complicate any neurosurgical procedure but sitting and semisitting position during operation carry a high risk for this complication to happen. The diagnosis and treatment of such condition are 1917 1918 Surgical Elevation for Symptomatic Depressed Skull Fractures carried out primarily by the neuroanesthesiologist [6] .
The anterior and middle thirds of the superior sagittal sinus are considered the commonest areas to be affected. Meier et al., [7] Meirowsky, [8] Kapp and Gielchinsky, [9] and Kapp et al., [10] have published that the incidence of dural sinus injury in the previously discussed locations were 66%, 57%, 74%, and 82% in order of speech. Locating the precise location of the affected sinus is very important factor in determining patient morbidity and mortality. It has been reported that injuries involving the superior sagittal sinus is associated with better prognosis as has an adequate collateral pathways that helps the patient to better tolerate either sinus injury or ligation [1] .
This close proximity of these depressed fractures to the venous sinuses makes surgical intervention potentially hazardous. Multiple studies have reported that the incidence of bleeding encountered during surgeries for depressed fracture located over venous sinuses may reach about 23%-20% of cases [2, 11] .
Miller and Jennett reported that the incidence of depressed fractures penetrating into an underlying venous sinus may reach 11.5%. Moreover, they recommended to use the conservative approach for managing such cases to avoid hemorrhage that may complicate surgery [11] .
On the other hand, the open type of depressed fractures requires surgical intervention as early as possible as dural defect repair is essential to prevent subsequent infectious complications. However, there have been some recommendation to perform surgery in closed depressed fractures under specific situations like evacuation of hematoma, repair of dural laceration, or correction of cosmetic deformity [12] . In addition, some neurosurgical textbooks rarely see that depressed skull fracture involving a venous sinus is an indication for surgical intervention [1] .
As many surgeons may be cautious to perform surgery for these fractures, the application of conservative treatment should be weighed against the future complications that may be faced with conservation like hematoma formation, infection, mass effect, and cosmetic disfigurement [2] .
Despite the previous fears discussed earlier about hemorrhage that may face surgeon during operation for such traumatic lesions, other authors stated that surgical treatment by craniectomy and elevated depressed bone is a rapid and effective method with little risk of severe haemorrhage. Moreover, such operations often have good prognosis with rapid return of ICP to its normal values, regression of the neurological deficits, and restoration of dural sinus continuity as detected by postoperative imaging studies [13] .
Patients and Methods

Study design:
A retrospective study of symptomatic depressed calvarial fractures presented at Mansoura University Hospital from 2015 to 2018.
Patient sample:
Eleven patients with depressed skull fractures over superior sagittal sinus (n=6) and transverse sinus (n=5) were diagnosed and included in our study.
Patient consent:
A written formal consent was obtained from patients or relatives in unconscious patients after the explanation of the details, advantages and drawbacks of the surgical procedure.
Patient preparation:
At the time of admission, careful history about the mode of injury, and through neurological examination were performed for every patient, including Glasgow Coma Scale (GCS). Plain X-ray and Computed Tomography (CT) were performed for exact localization of the site and extension of the fracture. Moreover, associated intracranial lesions were also searched for on CT films. MR venography was done pre-operatively if stable neurological condition to assess sinus patency Figs. (1, 2) .
Management plan:
All cases were surgically treated immediately upon admission (craniotomy and surgical elevation) as shown in Fig. (6) , except one patient who came after 2 months and another patient who was treated conservatively as this patient had no neurological deficits and his transverse sinus was patent on performing MRV. Measures against venous air embolism were followed during the procedure.
We used definitions reported in the study conducted by and kim and his colleagues. When the encountered dural bleeding could be stopped by simple digital compression via gel foam, it was classified as simple bleeding. On the other hand, if it could not be stopped by that way, bleeding was classified to be difficult [1] .
Data collection
Patient demographics, clinical data, operative details including blood loss and transfusion, postoperative recovery including resolution of the preexisting neurological deficit and restoration of the dural sinus continuity were noted.
Results
Patient demographics:
All the included cases were males (n=11) with median age of 23 years (range 11-3 1). These data are illustrated in (Table 1) .
Etiology:
The majority of our cases (10 cases-90.9%) were caused by Road Traffic Accidents (RTA), while only one case was caused by Falling From Height (FFH).
Clinical presentation:
Eight patients had a GCS of 12-15/15 while only one case presented with quadriparesis. One case presented with paraplegia and had associated lumbar spine fracture and brain contusion. Two patients presented with intra cranial hemorrhage (epidural hemorrhage, the other left temporal intracerebral hematoma). The remaining case presented with delayed raised ICP (6 th nerve palsy and papilledema) as he had head trauma 2 months earlier.
Fracture site and type:
The superior sagittal sinus was commonly affected when compared to the transverse sinus (6 cases Vs. 5 cases). All cases had a depressed compound fracture except two, who had the simple type.
Management:
Ten patients were taken to the operating theatre for craniectomy and dural closure under general anesthesia. All bone fragments were removed and the dural laceration was patched with pericranium without manipulation on cerebral prolapse if present. Intraoperative haemorrhage was controlled by means of local hemostatics, digital pressure, elevation of the head and muscle graft sutures.
Operative difficulties were manifested mainly as intraoperative sinus bleeding that was encountered in 4 cases who underwent surgery (40%). Consequently, intraoperative blood transfusion was required in these cases. Venous air embolism occurred in one case (10% of the surgical cases).
Regarding the case who was treated conservatively, cleaning and washing of the overlying wound were carried out by the neurosurgical specialist under local anesthesia (Case 9).
Outcome:
Superficial surgical site infection was detected in one case who underwent surgery (9.09%), while intradural abscess and subdural empyema was not reported in our study.
Rapid resolution of symptoms and signs as well as sinus patency was restored after surgical elevation apart from the paraplegia in the patient who had lumbar spine fracture. 
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Surgical Elevation for Symptomatic Depressed Skull Fractures Fig. (2) : MRV pre-operative shows superior sagittal sinus occlusion (first case). 
Discussion
Between various types of craniocerebral injuries, dural sinus injuries constitutes 4-12% of these injuries at the time of war, and about 1-4% in the civilian life. The profuse bleeding that may result from dural sinus wall laceration, caused by these fractures, makes these traumatic lesions very important in clinical neurosurgical practice [1] .
There are two reported ways to deal with such lesions; conservation or surgical intervention. Surgery involves elevation of the depressed bone, exploration, and debridement of the devitalized tissues. These steps will help to decrease infectious complications and improve the cosmetic outcome. However, mortality associated with surgical intervention has been reported to reach about 10% [9] .
The native concept of mandatory surgical intervention for such lesion was first opposed by Van der Heever and Van der Merwe when they noted that patients treated via the conservative approach had a comparable results compared with cases treated surgically [14] .
In this study, we included 11 cases with depressed fractures overlying brain venous sinuses, with median age of 23 years (range 11-31 years) to evaluate the safety and feasibility of surgical intervention in such cases. Moreover, all our study cases were males (100%). Six cases (54.54%) had a fracture overlying the superior sagittal sinus, while the remaining five cases (45.45%) had a fracture overlying the transverse sinus.
Another study included 17 cases with depressed fractures overlying venous sinuses. Fifteen males and two females were included. Their ages had a mean of 24.2 years (range 7-48 years). The reported cause of injury was road traffic accident (8 cases-47.05%), assault (6 cases-35.29%), fall (2 cases 11.76%), and struck by a falling object (1 case-5.88%). The most commonly involved sinus was the middle third of the superior sagittal sinus while the majority of cases had mild neurological deficits [4] .
The most common form of head trauma experienced by our patients was road traffic accidents (10 cases), while only one case had a history of falling from height.
Another study handling the same perspective included 27 cases from whom 3 cases were females (11.11%). Their age ranged from 20 to 89 years and the majority of these cases (96.2%) were caused by assaults. Like our study, the superior sagittal sinus was the commonest affected dural sinus. Regarding presentation, the majority of these cases had a GCS of 14-15/15 while three cases had a GCS lower than 13. Only two cases at that study experienced focal neurological deficits at the time of examination [2] .
In our study, the majority of cases had a GCS of 12-15/15, while quadriplegia and paraplegia were diagnosed only in one case for each.
Intracranial hypertension secondary to depressed skull fracture occluding the sagittal sinus has been described [15] . In our study, one case who experienced 2-month-old head trauma experienced delayed rise in the intracranial pressure.
Headache, nausea, vomiting, or papilledema are various manifestations of increased intracranial pressure that may manifest early or late (may reach several weeks) after head trauma. The presence of elevated ICP is an indication for surgical intervention and elevation of that depressed bone as recommended by many neurosurgeons even if there is a risk of intraoperative hemorrhage [13] .
In our study, ten cases (90.9%) were managed surgically, while the remaining case were managed conservatively. That patient was stable on neurological examination and his MRV showed that there was no transverse sinus obliteration.
Özer and his associates performed all surgeries within 24 hours of trauma [4] , while one case in our study has presented after 2 months of injury.
On the other hand, the study conducted by LeFeuvre and his associates managed 14 cases (51.85%) conservatively, while 13 cases (48.14%) were managed surgically. Regarding surgical complications experienced in these 13 cases, difficult operation was reported in 6 cases (46%), while massive intraoperative bleeding was encountered in 3 cases (23%). Additionally, superficial wound infection was diagnosed in two cases (15.38%) [2] .
In our study, operative difficulties were manifested mainly as intraoperative sinus bleeding that was encountered in 4 cases who underwent surgery (40%). Consequently, intraoperative blood transfusion was required in these cases.
There are multiple techniques that have been discussed in the literature to deal with such dutral hemorrhage to decrease the ongoing blood loss; the simplest of which is digital pressure with gelfoam, dura, pericranium, temporal fascia or muscle [16, 17] . Additionally, simple suturing of the injured dural walls allowing closure, hitching of the dura to the bone adjacent to the sinus, rostral part ligation or clipping, transplantation with an autologuos vein, artificial sinus prosthesis, balloon catheter, and T-drainage also have been described [7, 18] .
Intraoperative sinus bleeding was encountered more frequently in the study performed by Özer et al., as they experienced hemorrhage in 13 cases (76.47%) who required blood transfusion. Only four cases in their study did not require transfusion [4] .
Another complication to be considered during surgery is venous air embolism. The management of such problem requires stoppage of air entry into the patient circulation. Maintaining patient hydration (monitored by central venous pressure and systolic volume) before and during the surgical procedure helps to reduce the pressure gradient between the right atrium and venous port of entry, leading to decrease in the incidence of that hazardous complication [6] .
Upon suspicion of venous air embolism, the anesthesiologist must order the surgeon to merge the surgical field with fluid to cover the venous port of entry. Also, anesthesiologist should increase O 2 delivered to the patient up to 100% as nitric oxide (NO) and oxygen/air mixtures are avoided [19] .
After that, the patient should be positioned at the left lateral decubitus as that will help air emboli to go to the right atrium. The presence of a central venous catheter inserted into the patient will help the anesthesiologist to aspirate any air trapped between the superior vena cava and right atrium [20] . In a dog trial having a right atrium catheter available allowed for aspiration of up to 50% of the emboli air volume [21] .
All the previous recommendations have been followed by our surgical team during performing these procedures. One case has experienced venous air embolism during operation in this study (10% of the surgical cases).
It is our policy at Mansoura University Hospitals to give IV antibiotics to patients with compound depressed skull fractures for 48 hours to decrease the incidence of wound sepsis. Superficial surgical site infection was detected only in one case in our study (10% of surgical cases). It is possible that infection was the result of residual wound contamination or may have been caused by the liberal use of hemostatic agents and remaining blood clot. On the other hand, intradural abscess, subdural empyema, and mortality was not reported in our study.
Another study did not prefer to give IV antibiotics for patients who sustained their injuries through blunt assault, and it was felt these wounds were clean [2] .
An important factor that should be kept in mind as it contributes to mortality is the presence of associated parenchymatous intracranial lesions. Mortality rates have been reported to increase 3 to 5 folds in such traumatic fractures when combined with brain stem lesions [7, 10] . We have experienced one case with Epidural hematoma that was surgically evacuated and two other cases with brain contusions that managed conservatively.
Miller and Janett, in their research that included 400 patients, experienced extreme operating difficulties in 9 of their 46 patients (20%) who had sinus involvement and managed surgically and IV transfusion of up to 4 units of blood was required in such situations [11] .
One study showed that these fractures overlying dural sinuses did not cause dural wall injury in 35% of the included cases. Moreover, simple digital pressure was sufficient to stop hemorrhage originating from the lacerated sinus walls in all cases. No operative mortality was experienced in that study. Pre-operative preparation of these patient os of crucial importance. Consequently, if the patient had a stable condition, proper and wise evaluation via radiological angiography like MRV may be helpful for operative planning [4] .
After surgery, rapid resolution of symptoms and signs as well as sinus patency was restored after surgical elevation apart from the paraplegia in the patient who had lumbar spine fracture.
Conclusion:
Although the risk of sinus injury during surgical elevation of the depressed segment but with expert surgeon it is recommend to perform surgery for these symptomatic patients with all precautions required like blood transfusion and preparing vascular graft form the pericranium for sinus repair and this leads to rapid resolution of symptoms and signs as well as sinus patency improvement after elevation. With conservative treatment for depressed fracture over venous sinus elevated intracranial pressure secondary to compression on the posterior part of the Superior Sagittal Sinus (SSS) may account for clinical deterioration.
